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This report gives a list of pr'opellant powder compositions for Ger-
inrn guns from 20 mm uipwards together with the internal ballistics produced

-q in each gun. A short statement on methods of internal bpallistic calcula-
tion and also on closed bomb determination of ball.istic constants is in-

U~.. cludedo

,.44

Accession For

NTIS GP.A&I
DTIC T.i3
Unanncuncod

By - -. _ _ _ _ _ _

October 1945 Distributi.ori/

Availabil.ity Codes
V tvail at2d/or

Dist L4ccial
U.S. NAVAL TBCHNICAL MISION IN EUROPE

-v _% I0 trt0 -. 0 *
WP IIN____ W

*J .1

e 06 % %

% 0

.. .,

_?.:-jJ@ 0 0-0 --N'O• REOR No. &8--@ 0 * -

2 ",,, - *..



! '4°

RES~TICME

TABLE OF OONTENTS

Part I. Introduction 3

Part II. Measurements and Calculations 3

"(A) Calorie Value Calculations 3
(B) Closed Bomb Work
(C) Method of Analysis of Records 5
(D) Application to Gun Calculations 6

_ *.• (E) Special Closed Bomb Investigations. 7

"Part III. Tables

(A) Index of Abbreviations
(B) Gezman Powder Compositions. 9
(C) Geman Gun Internal Ballistics .1.

2-

. -.-
*1q

• .•..... . . . - - - - - - - - - - - -

- * . ,"•• 4-. "-..t ,jr,',,% , .. 9%@. 9 *"* 3,',,•'j) ,' 0 9." .,-.,, -* * •* * * ,,•-. - ... " . . . .



RESTRICTED

Closed Bomb Work and Internal Ballistics Calculations (B)(Cont'd).

work was done in the Deutsche 'Vaffen Munition-Fabrik research laboratory
at Lbeck.

2. Apparatus Closed bombs of various capacities up to three and one-
half liters were used. They were constructed with a liner and shrunk-on
jacket and were tested at. 30 tons/sq.in. The chamber length was usually
five or more diameters. The cooling water was pumped through a water jac-
ket from a thermostat.

The charges were loaded in much the same way as in the gun and with
a similar ignition system, i.e.: gun powder with or without NC igniters.
The breech end was closed .by a steel cartridge case containing a percus-
sion primer. This case'was reformed after each round and had a life of
about 30 rounds. (It is said that some used a mushroom head 'with rubber
gasket).

Zeiss-Ikon piezo-electric recording sets were available at LUbeck,
Dllneberg and Essen. That a L1beck was used for closed bombs, rockets and
guns. Calibration was by the simple press supplied by Zeiss-Ikon and of
the approximate accuracy of 2%. The set at Dtineberg was similar but sel-
dom used as a mechanical gauge was preferred. At Essen both pieze-elec-
tric and mechanical gauges were used and both considered accurate, but a
special unit was made to calibrate either type of gauge in position in the
closed bomb. Krupps also used a piezo-electric gauge for gun measurements
both in the chaifber and on the base of the projectile.

The mechanical guage used at Dtneberg was quite accurate utilizing
a one piece beam of flexible steel with a mirror mounted on each end and
the piston from the bomb working against the center of the beam. A beam
of light passed over first one mirror and then the other and thence to
the sensitive paper thus giving double optical deflection. The gauge was
calibrated in position by a dead weight testing machine. V.-aterproof re-
cording paper was used to minimize shrinkage in processing and this error
was allowed for by printing two accurate centimeter scales over the record.

All the gauges used the same piston for transmitting thrust from the
gases. This protruded into a recess inside the vessel and was protected
by a thimble filled with grease which formed the obturation. Its cross
sectional area was 0.250 sq.cms.
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REMlCTED

Closed Bomb Work and Internal BalUstics Calutlations (B)(Cont'd).

".-.' -' In the piezo-electric sets the time-scale was provided by a flashing
"tube controlled by a 1000 cps tuning fork. For the mechanical gauge the
tJie scale was provided by accurate control of the angular velocity of the
drum.

By mean;, of Y thermostat the closed bomb could be fired either at"normal or high tenv ratures but no provision was made for low temperatures.

(C) Method of Analysis of Records. Powders were almost invariably

he'in the ftormn of tube. strip or flake., all assumed to have constant
burning surface.

For any given size of a given powder composition, measurements. of
force and covolume were made by firing bne round at each of five or"more
densities of loading. Then if P Max//_Z were plotted as a function of P
max >1500 atm. would lie on a straight line. The intercept of this line
oh the zero pressure line gave the force corztant, F, and the slope gave

, the co-volume N. Since no heat loss correc ion was applied, the values
"of F. and N depended on the web size of the powder, ,F dimZinshing N in-
creasing with increase in web size.

Two methods of determining the relative quickness of the powder were
us.ed, depending on the use to which the results were to be put.

The simple method assumed a linear rate of burning law and no co-
volume correction. Under such circumstances the pressure must be an ex-

4, ponential function of the time. Times were measured at which the pres-
sure reaches P, and Pie, where P, is some arbitrary pressure, about 1/3
of P max and e = 2.718. It T is the tl4ma interval from P, to Pie then

*'• TP max Y equals D/B the reciprocal of the relative quickness..i'he
4, begiuinzg and end of the pressure curve are not used. because they 'depart

from .he ideal exponential curve, mainly owing to irrqgularities in ig-
Snitioi ""The relative quickness obtained by this method is almost ind-

ependent of the density of loading for deglycol powders. For gudol pow-
ders,v however, the relative quickness diminishes at higher densities of

0loading and the-figure used is that for which P max ecuals the'maximum
pressure to be expected in the gun.

.44 At Essen a more elaborate analysis was used, the appropriate force
"and co-volume constants being used to calculate Z, the fraction of the
charge burnt, at each of some 20 constants of time for which the pres-
sure was read off the curve. Then S Pdt was plotted as a function of Z

-5-
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Closed Bomb Work and Internal BSllistics Calculations (B)(Cont'd).

and the slope of the middle part of this curve, which was nearly linear,
gave Y. Results varied slightly for different' densities of loading and

"" a mean value was taken.

For experimental powders log P was plotted against time, using log-
arithmatic graph paper, and the curvature of the line showed whether the
powder were pregr'essivc or degressive.

(o) Akelict..ion to Gun Calculations. For most purposes a very simple
"method of gun calculation was used, similar to the old ADD method. The
closed bomb figures for F and N are estimated for about the right web size.
The powder was assumed to be all burnt before the shot staAed to move,

K. .-. ,- giving a pressure
• -•Po - r-16 - N

The gas was then aosumed to expand adiabatically, using a value of 2 given
by:

F 1 + F/(J x cal. cal.)

.-- 1.2

where HJ is the mechanical equivalent of heat in the appropriate units.
This adiabatic curve was then intersected by a constant pressure line P

"- P max (crusher) and this line together with the adiabatic line to the
"muzzle gave the pressure-space curve used for design purposes. A factor
of 0.96 was then used to allow for rounding off the cornert of the dia-
gram in clculting the muzzle energy 1d + C/3) V02 . A further 3% or 5%
was substracted from the muzzle energy to allow for the frictional losses
with one or three driving bands respectively. This method did not involve
propellant size or the position of all burnt, but gave reasonably accurate
results in experienced hands.

A more elaborate method was used by Krupps in detZailed design of new
weapons. This used closed 'bomb data for force, co-volume and relative
quickness and started fr~m a shot start pressure. The co-volume correc-
tion was applied in a step by step integratinn.

. In choosing a given solution for use it was considered that the vel-
ocity at burnt should never exceed 90% of the muzzle velocity in order to
obtain reasonable regularity. This gave a minimum value for the relative

'y..
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qu4ckneus of the powder. For low performance weapons, of course, V burnt
would be about 209 less than ye.

(E) S Pe cial 212sed Bomb Investigzat1.ong. Three-special closed bomb
investigations deferve mqntionin. n he first place a study of the'ef-
feet of nioderatigA on the burning properti.s of small arma powders wa's made
both in the clos4W-bomb and in the pasn at Mbock. For chopped NC tube
moderated with about 4% methyl centralite or-camphor the progrossivoxiess
due to the moderation counterbalanced the degresdiVbuiess due to the short-
ness of the tubes, giving an effectively constant burning surface.

Secondly at Dt~leberg a long and detailed study was made of the offsect .

of varying the ratio of external to hole diameters, and of tube length to
hole diameter, on the burning properties of powder at various temperaturese
The general conclusions reached-were as follows:

(a) The mean rate of burning increased arnd became more irregu.-
lar whan the stick length exceeded thirty times the hole diameter. The
temaperature coefficient also Increased in the same way,.

-4.@

(b) The mean rate if burning became irregular if the ratio of
Oxt.9rnal to hole diameter exceeded 2.5 for powders with cal. vol SW0
or 2.0 for powders with lower cal. vols. Since different factories pro-
duced p6wders with diff-exent ballistic properties it was necessary t.D lay
down tolerances for hole -size as well as arnzaus and tube length in order
to obtain bothi the required relative quickness and temperature coefficient.
-hip work waw carried out in conjunction with gun firings.

A t"44 *p estigal• on was the effect of atmospheric humidity on mois-
tur- • n tent ando so ond allistics0 but this was done mainly by gunt firings

Q,4ier o nvestod atiQno included the taking of gas 4aqlea e from gans or
-- o.'4 bob by means- of a ainll evacuated closed vessel pac4 tue
Ver or screwed into the wall. Tois sm~X .844 88'1e by a Oise,, which
-Nturo" at a suitable h*& presture and adkiitt44 the gae sapples. ZpIe -
dut with this apod ratus shoawed that for sgl v at Digl. powdors the pseoe

e' oro4u'te tethe cgicin An ed ciqpoeition but a t oro gudl powder#
Mimi4er gas n quidbrSaui o'z•q t was won3 below thu thqoretiwal value.

;if )va heb4qv$ ra be duq to the shortage 9d aMeteen tn Ruch polenrt. Tho
9(4b)ed pr Thse mr.e 4r gloged buin bea fl en Oiu4ol powders rato the

-7.
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RES'JRCLED

Special Closed Bomb Investigations (E)(Contd).

ch;,rge should be all burnt was believed to be due to completion of some
gas reaction which could dhly proceed slowly with such, powders.

A somewhat similar apparatus, In which the gaseq produced in a small
closed bomb- ruptUired a disk and- exparned into a largr, closed bd,,wais

- • used for measuring the smoke produced by various powders. In this case
the large".vessel was fitted with a light sourcb and photbeell.

-' • NOtes and Abbreviations to' Tables.

1. Theoretical cal. vol. in Table I have been calculated by personnel
of Armament Research Department, Woolwich, England.

'-' 2. Unita of Force in Table 1 and II are tons/sq. in. per gram cent-
.-'. imeter.

.3. Additional German values not given in the British translation of
tiiese tables are included in Appendix to Tables.

-..- . 4. Abbreviations:

NG Nitrocellulose
% N Nitrogen content of NC by weight.
HG Nitroglycerine
Dt2N Diethylene glycoldinitr•ate
T.igl Triethyleneglycoldinitrate
PLc Nitroguanadine

*.*.A.,car Akardite
Centra Centralite I
MgO Magnesium Oxide
Graph Graphite
&I Nitronaphthalene
""Hydr. Hydrocellulose
"DNT Dinitrotoluene
-i Mineral Jelly
Phth Diamylphthalate

S.phu Ethylphenylurethane
Dphu Di~henylurethane

-8-
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APPENDIX TO TAMES

.iupPlementar Data on German owder Conositions

German Theor. Specific Gas. Vol.
Powder No. De.cripion , Cal.Val. Cai.m &/kg.

1 Ngl. Pl. P-12.5 zzs 114
2 Ngl. BI P-12.5 1144 829
3 Ngl Blp -11.5 1Q23 869
4 Ngl.RP -9.5 8 .2 943
5 Ng1 RP -8 725 981
6 RP 32 719 988
7 :Digl. BP -I10.5 925 953
8 Digl. BIP - 101,5 916 957 ..
9 Digl. RP - 9.5 841 970
"10 Digl. RP - -0.3 740 994
11 Digl. RP - 8.2 717 1005
12 RP - 38 686 1019
13 RP - 38N 695 1010
14 RP - E 579 1066
15 Digl. RP - KO 571 1088
16 Digl. RP - KN 559 1055
17 Digl. RP - KOD 575 1052
is Digl. RP - GO 503 1123
"19 Digl. RP - GO.5 497 1108
20 RP 40 540 1078
21 RP 40N 577 1063
22 Digl, RP-G1.5 498 1920
23 Digl. RP - 0 2.5 509 1069
24 Digl.,.RP - G.5 ,. &035
25 gP 4N -
25 .a. - -
26 Gup - A to al.3 830 993
27 GuP - 39 713 1023
28 GuRP - 7.5 537 1100
"29 GuRP - 8 736 1007

-9-
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Appendix to Tables (Cont'd).
•.',•German Theor. Spcific Gas. Vol.

Powder No. Description Cal.Val. Cal/gm C9a/kg

30 GuRP - KN 518 1074
31 GuRP - GO 531 1102
32 GuRP - G5 476 1051

a•. Prepared by:

C. H. BROOKS.,
Lt.Comdr., USNR.

G. H. NEFF
Lt., UoNR

T. L. MILLER
Lt., USNR

J. B. CA3TNER,
Technician

-a .

'a•.. - 0,

a'.-

m m""" """' """. 4a -.4 4.. ' A. " ."..," * a *" , ' -" - " - " . " " . . . .-• 4- T + • -~ 4



_ _ - to 1

_ _ _ _ _ o_ in U

% to% C4Ir

_______

Ye~~ A_ _ _ _ _

0 to 8N gn u

pN00O

al tddd dl a$d6 0cc 0 5
oMW , I %W N U

o' 4rO ~ f .*r 4':'
&m at; ( ;08 C; 8C 0 0 _

9 W
d A AA AA___A__1 L

880 UN8 Lr

C; - 0 0 c .C

4, 4

,q 0 4 t . '

9dý'a a-4-
ION e fl I ws %



W, 0 v m I? býI R

Ob ý N -% 0 c oS

4 C9

F Ii . WwW

98 R8~ Ra
-8 4AA'A

8l a d ddd. Sdit

_ _ _ _ _ _ _ _W_ _ 8 8 8 v

* ~~ 88 88888 8

Ow 83 V43 L ~2I~

a



Rd: ml d a d 0: A

"44 ,4 A d W4 .W4 4 48 ,4 4.1

I o I A

t~~ of 0 %,. •,

.,, ,
fillIjV4'

ail~ ~ ~ il1AA

ot CIA .
;r

1 0% 0% W%



co

- % C1

94 q 'C. 4P4

ca co aý Hý

-c 4

14 H 0 -*-~Ra 898 pG4%AP.',-

iwt Om" C

JA I S.

00

d ~to
~ ~ Ms:4

&n4 LIN0 ., O

S-~-4

U.. m



,t; -, o.d• + -; +

Oil 
me .A

-l• l • __ 
- -- _

•,T=-.•'( -- .'•a ......0 ..

• -.. . .,.. --.- -.. . -._

IAv

S:,o",, 
. oo" .,, 0 1+,o (

03

--A A .. e.,

A j
of f. 

t ,

M4~I rIA3ut,



144p fe C4
'ab g-

6t SI

418O '.0 C

Ism 0; c; 0 3 4 17 1ý C7 a) 0 ( (

0 !0 oC to. e . U ,3g

4% 0 * C0 0~O

cq to 0 4 I IH 4
Ai A-G in~c 4

v ~ ~ &Ra itg sjajc
LP% 910 If%"N W

ly "Ztc'A M I cl~I,

V 40

W Ilk~

Go 0



D. 4 N .t4
02

'-4

r4

co 0

-1 ud
V- onA r'5



C4C

r~fvi

S4 ~

c: I *I M

C: J14C C4

lr4 co.4 L'
A" - ,. u i 0

0 qp !O
t,,3 3  - -- CDr0 el, Lr >f L

IE~ .. 40MM MZMH MM .~ J%

40~

(d 0e 4



KCI,

4' . -t

co co 0+

I* -

QR Q 00. 0 0tn

t i . .. • •'t. 1 • ,• •€ .•.,:-

I ,4, A C;

r-4 0 1" 4

( a.a• . :a-. H .4_ _ _ _ _ _ _ _,S _ _ _ _ _ _ _ ... + ,. . ., +

+. ' , u•:gT -t

34 )4 14" ! .

.14ANN 988 g

9m0

'---'O--. ,

.4

14 0 9

~I1 0~e



. . ~ OE, 0 S f- V '*i>5

41 1

.4 r4

VI@ & O O 4 ~ & S ~ ~
~* 3

Pit * I

SS

A4 .44 A .4

0 iD7W!



'e4~34 0

1 7, 

-4

a. a. a il aa I

034

Hý U



'.44

A.4 A U

I•__ . . ... • * - .

Vd A

A' --. .. ,

_ _ _A J; 49 4 _ _p'*... d j ..;m . A J ' _ _ _ _

: 0 ,.* ,6 C

1A
* ~g..4



L-. .

•o .. ___Vi C1h A
VII

Inn

34 ;111

• _,., - .- - - .--. -. . ••

" N__m9 
O



01 r.I j'

b 0 UUa%o oil I k 0

~ OD

5)'m

I1 _ _ _ _ _ _

* .. 04

s-o-
E- 0w.-

'44

*I I~3J I~-- C4'

.0. 0

t1

41 4



K~i A.

4t 0. 1

l-1 - 4

~'O b a Ii%

UNU

bb V4

co can 8q

4 0:
P6 P. P.10

.1 o ~U04

~ ~ i41



.toS -4 ,1 J *-

q. • .4 0:

4 - -'÷- M "4 .

C; 664

________1_


